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Part lll.* The

Chemistry of Alkylideneamino(trimethyl)stannanes

By M. F. Lappert,” J. McMeeking, and Dorothy E. Palmer, School of Molecular Sciences, University of Sussex,
Brighton BN1 9QJ

The chemistry of the alkylideneamino(trimethyl)stannanes Me;Sn—N:CR, (R = CF;, But, Ph, and p-Me-CgH,)
(R = CF; and p-Me*CgH, are new compounds) is described and it is clear that they have synthetic utility. They
react with (i) protic compounds HA (to yield Me,SnA), including HA = H,0, ROH, PhCiCH, and CgFsH: (ii)
metal hydrides LMH to give, usually, MesSn—ML complexes; (iii) metal chlorides LMCI to give, usually,
LM-N:CR, complexes; and (iv) unsaturated compounds X:Y (to vield 1:1-insertion adducts, in an alkylidene-
amine catalysed reaction), including XY = PANCO and CH,:CHCN. With regard to (i) and (iv), reactivity de-
creases in the sequence MeSnNICBuUY, > MeySnNICAr, > Me;SnNIC(CF;),, but the reverse order holds for

(iii) : MeysSnNMe, has similar reactivity to Me;SnN:CBu®,.

Ix Parts 12 and 111 aspects of the chemistry of alkyli-
deneaminoboranes (CB-N.CR,) were described. Else-
where, alkylideneamido-derivatives of early ® and late 4
transition metals were reported, e.g., (m—CzHg),Ti(Cl)-
NICR, (R =Bu® or Ph) and #ans- [(Me,PhP),Pt(H)-
NIC(CFg),]. Attention has previously been drawn to
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8 Yn. Bubnov and B. M. Mikhailov, Izvest. Akad. Nauk
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features of interest of the (CI;),C:N~ ligand in other
contexts.4

Alkylideneamido-complexes of the Main Group metals
or metalloids Be,® Zn,® B,1"8 (and other refs. listed in
ref. 1), AL%10 Ga, 1! Si,12714 Ge,12 Sn,'? and As'® have been
characterised. The principal points of interest have

? K. Wade and B. K. Wyatt, J. Chem. Soc. (4), 1967, 1339.

10 R. Snaith, C. Summerford, K. Wade, and B. K. Wyatt,
J. Chem. Soc. (4), 1970, 2635.

11 T, R. Jennings, I. Pattison, K. Wade, and B. K. Wyatt,
J. Chem. Soc. (4), 1967, 1608.

12 Lui-Heung Chan and E. G. Rochow, J. Organometallic
Chem., 1967, 9, 231; R. J. Cook and K. Mislow, J. Amer. Chem.
Soc., 1971, 93, 6703.

13 C. Summerford and K. Wade, J. Chem. Soc. (4), 1968,
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been their synthesis and structures. With regard to the
latter, attention has centred on (i) molecular aggregation:
e.g., dimers for many Group II and III compounds with
R,CN~ as a bridging ligand; and (ii) the angle at N:
e.g., for monomeric compounds linearity at N possibly
due to M===N =-bonding. Spectroscopic and diffraction
studies relate to ir. 121215 1H n.m.r. (magnetic equiva-
lence of the two groups R),%12 electronic,!? and mass 113,14

J.C.S. Dalton

This paper deals with the chemistry of the alkylidene-
amido(trimethyl)tin(iv) compounds Me,Sn—-N:CR, (R =
CF;, But,'® Ph!? and p-Me'CgH,), as summarised in
Table 1. By analogy with earlier studies on metal
amides, these compounds probably provide a good model
for the behaviour of other alkylideneamidometal com-
pounds with, however, a higher than average reactivity.
The reactions here reported refer to those with bromine

TaBLE 1
Syntheses and reactions of alkylideneamino(trimethyl)stannanes

Reagents Reaction conditions
Me,SnCl + LiNIC(CF,), 1:1, Et,0,0°3h
Me,ySnCl + LiN:CBut,? 1:1, Et;0,0° 3h
Me,SnCl + LiNIC(C,H,"Me-p), 1:1, E;,0, 20°, 12 h
MezSnNMe, -+ HCIN(C,H,*Me-p), 1-1:1, n-C¢H,,, reflux, 5 min
MeySnN:C(CF,), + PhCiCH 1:1, THF, reflux, 12 h
Me,SnNIC(CF;), + =-C;HMo(CO),H 1:1, THF, reflux, 6 h
Me;SnNIC(CF,), + trans-(PhP),Pt(CHH 1: 1, xylene, reflux, 5 min®

MeSnN:CBut, + frans-(Ph,P),Pt(CH)H
Me,SnN:CPh, ¢ + PhCiCH
Me,SnN:C(C,H "Me-p), + CoF,H
Me,SnN:C(CFy), + Bus,NH
MegSnN.C(CF,), + (r-CgHy),TiCl,
Me,SnN:C(CF,), + cis-(Ph,P),PtCl,
Me,SnN.CBut, + cis-(Ph,P),PtCl,
Me,SnN:CPh, + cis-(Ph,P),PtCl,
MeySnNIC(CF,), + Br,
Me;SnN.C(CF,), + PhNCO
Me,SnN:CPh, + PhNCO
Me,SnN:CPh, + CH,:CHCN
HNICPh, + PhNCO

HN:CPh, - MeNCS

2 Quoted yields are of purified products.

11, CgH,, reflux, 4 h
: 1, THF, reflux, 18 h
.1, reflux, 45 h

11, CH,, reflux, 17 h
11, CgH,, reflux, 18 h
11, CgH,, reflux, 5 h
1 1, n-CgH,,, 20°

: 1, n-C4H,,, 20°, 0-5 h

11, n-CgH,y, 20° 1 h
: 1, n-C,H,,, 20°, 12 h

b Ref. 19.

it et b bt DD DO DD OO bt b e b i

:1-2, THF, reflux, 22 h
11, CgH,, reflux, 1-76 h

11, n-CgH,,, reflux, 5 h
: 1, n-C¢H,,, reflux, 2 h

Product (yield, %) ¢

Me,SnNIC(CF,), (84)
Me,SnN:CBut, (73)
Me,SnN.C(CH,-Me-p), (80)
Me,;SnN:C(CsH,Me-p), (95)
MesSnCiCPh (35)
7-C;H Mo (CO),SnMe, (52)
trans-(Ph,P),Pt(SnMe;) N.C(CF,), +

(PhyP),Pt[(CF,),C=NH] (ca. 10) (67)
trans-(Ph,P),Pt(Cl)SnMe; (70)
Me,;SnCiCPh (51)
Me,SnCiF; (57)
No reaction
(m-CgHg), Ti(ClY)NIC(CFy), (90)
¢is-(PhyP),Pt(Cl)NIC(CF,), (90)
No reaction
cis-(PhyP),Pt(Cl)N:CPh, (95)
BrN.C(CF,), ¢
Me,SnN(Ph)C(:O)N.C(CF,), (85)
Mey,SnN(Ph)C(:O)N.CPh, (95)
Me,SnCH(CN)CH,N:CPh, (95)
PhNHC(.O)N.CPh, (88)
MeNHC(:S)N:CPh, (100)

¢ The Pt—Sn compound was obtained from a separate experiment, using

the alkylideneamidotin compound (1-256 mmol) and the platinum hydride (0-5 mmol) and heating under reflux (17 h) in CH,.

4 Ref. 12. ¢ Incompletely characterised.
TABLE 2
isati f d
Characterisation of new compounds 1H Nomr.
Sn—Me
Compound M.p., °C Appearance v(N=C) (cm™?) Sn—Me(t) JY7 (Hz) J4° (Hz)
MeySn,NIC(CF,), (61—53) * Yellow liquid 1720 (s) ° 9-48 % 56 58
Me;SnN:C(CsH, Me-p), (120—128) t+  Yellow solid 1611 (sh), 1596 (s) ® 9-69 © 54-5 57
7711

Me,SnN(Ph)C((O)N:C(CF;), 113—115(d) White solid 1680 (s),© 1643 (vs), 9-40¢ 62 66

1595 (s) ¢
Me;SnN(Ph)C(:O)N:CPh, 93—95 ‘White solid 1690 (w), 1614 (vs), 9-55 ¢ 56 585

1579 (vs) ¢
Me;SnCH,CH(CN)N:CPh, ‘White solid 1624 (s),° 2207 (m) e 9-48 % 55 63
trans-(Ph,P),Pt(SnMe,y){N.C(CF,),} 172—175(d) Pale yellow solid 1662 (m) ¢ 9-70 » 42 45

74
(PhyP),Pt(Cl) (N:CPh,) 175—190(d) White solid 278 ¢
% Liquid film. ? Benzene solution. ¢ Nujol mull. ¢ y(C=EN) cm™l. ¢ y(Pt—Cl) cm™. / Me-p. ¢ THF solution. * CiDg

solution. ¢ j19%5(Pt—Me).
* B.p. at 31 mmHg. { B.p. at 0:006 mmHg.

spectra, and X-ray data on Ph,C:NB(mesityl),'® and
LiAl(N:CBu%),.1¢ The chemistry of alkylideneamido-
metal compounds has been little explored: redistribution
reactions of alkylideneaminosilanes with boron halides
gave ligand exchange® while insertion reactions of
various unsaturated substrates into the Sn—N bond of
alkylideneamidotin(1v) compounds have recently been
described.l” Additionally, the reaction of certain alkyli-
deneamidotin(1v) compounds with NOCl has been
reported.18

15 G. J. Bullen and K. Wade, Chem. Comm., 1971, 1122,

18 H. M. M. Shearer, R. Snaith, J. D. Sowerby, and K. Wade,
Chem. Comm., 1971, 1275.

17 P. G. Harrison, J.C.S. Perkin I, 1972, 130.

and (i) protic compounds, especially acidic hydrocarbons,
(i) metal hydrides, (iii) heterocumulenes or CH,.CHCN,
and (iv) transition metal halides. In connection with
(i), reactions of the free alkylideneamines were also
examined. We have previously made an extensive
study of the chemistry of metal amides LM-NR, (see ref.
20 and earlier papers in that series) and especially of
Me;Sn—NMe, (for a review, see ref. 21). The latter

18 1. Jappy and P. N. Preston, Tetrahedvon Letters, 1970, 1157.

19 M. R. Collier, D.Phil. Thesis, University of Sussex, 1971.

20 M. F. Lappert and A. R. Sanger, J. Chem. Soc. (4), 1971,
1314.

21 K., Jones and M. F. Lappert, ‘ Organotin Compounds,’ ed.
A. K. Sawyer, Marcel Dekker, New York, 1971, vol. 2 p. 509.
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compound is characterised by having a weak (E ca. 40
kcal mol™) and polar Sn#*-N*- bond,?2 and therefore
reacts with polar substrates, including (i)—(iv); addi-
tionally it is a strong base and therefore presumably a
powerful nucleophile. The objectives of the present
work include a comparison with respect to their reactivity
for each of (i)—(iv), of (a) amides and alkylideneamides,
and (b) the four alkylideneamines with one another.
Although it will be shown that imides are generally less
reactive than amides, except for halogen/N:CR, or NR,
exchange, they are both more selective and more
widely available, particularly for late transition metal
complexes,* and these two aspects make them synthetic-
ally useful.

The new compounds here reported are Me;SnN :C(CF,),,
MesSnNIC(C H, " Me-p),, Me,SnN(Ph)C(O)NICR, (R =
CF; or Ph), Me,SnCH,(CN)CHN:CPhL,, trans-(Ph,P),Pt-
(SnMey)NIC(CFy),, and {PhyP),Pt(CI)NICPh,; details of
their characterisation are in Table 2; the two platinum
compounds have been prepared by other methods and
will be discussed more fully elsewhere.?®

The alkylideneamino(trimethyl)stannanes were pre-
pared either by a lithium chloride or an amine elimin-
ation procedure [equation (1)]. Both of these methods
have previously been used for the synthesis of other
alkylideneamidometal compounds.®12

LiN:CR,
Me35nX—< "L;’;:;f @ > Me,SnNICR, (1)

(—HX; X = NMe,)

The use of 1,1-bis(trifluoromethyl)methyleneamido-
lithium 4 suffers from the disadvantage that forcing con-
ditions cannot be employed since the compound is
explosively unstable above 25°.2¢ It is interesting that
the corresponding tin complex Me,SnN:C(CF,), showed
no significant decomposition when heated at 100° for 5 h.
It therefore has potential as an alkylideneamino-transfer
agent under conditions where the use of the lithium
reagent is ruled out; this has been successfully demon-
strated (Table 1: reactions with Ti'V and Pt chlorides)
(see also comments below on Rh!and Irf). The tin com-
pound is not as reactive as the lithium analogue, but its
higher selectivity is of value [e.g., in the synthesis of
(Me,PhP),Pt(Cl)NC(CF,), from the dichloride].2

Alkylideneamino(trimethyl)stannanes react with com-
pounds having acid hydrogen, according to equation (2).
With the less acidic compounds (e.g., phenylacetylene),
comparative experiments show that reactivity decreases
in the sequence Me;SnNMe, 2 > Me,SnNICBuf, > Me,-
SnNIC(CeHyMe-p), > Me,SuN:CPh, > MeSnNIC(CF,),.
This suggests that the nucleophilicity of the Sn—-N com-

22 J. C. Baldwin, M. F. Lappert, J. B. Pedley, and J. S.
Poland, J.C.S. Dalton, 1972, 1943.

2 B. Cetinkaya, M. F. Lappert, and J. McMeeking, to be
published /.C.S. Dalton.

2 'W. J. Middleton and C. G. Krespan, J. Org. Chem., 1965,
30, 1398.

2 K. Jones and M. F. Lappert, J. Organometallic Chem., 1965,
3, 295.

26 P. N. K. Riley and B. T. Wilkins, unpublished work.
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pound is the controlling factor; certainly, basicities
would be expected to follow the same sequence e.g., first
ionisation potentials (eV) are: Me,;SnNMe,, (7-11) and
Me;SnNIC(CF,), (8:68).28  Reactivity was greater in the
polar solvent tetrahydrofuran (THF) than in n-hexane.
The volatility of the eliminated amine or alkylideneamine
does not appear to be important: cf., b.p. HN:C(CF,),,
16°, 760 mmHg and b.p. HN:CPh,, 95°,0-005 mmHg; also
Me,SnN:IC(CFy), did not react when heated under reflux
with HNBu®, in THF for 22 h. For the more reactive
reagents (e.g., water), such distinctions are not clear.
For example, Me;SnNIC(CF,), reacts so readily with
water that it fumes in air.

Me,SnN:CR, + HA —» Me,SnA + HN:CR, (2)

Behaviour with metal hydrides generally follows
equation (2), but mechanistically may be unrelated to the
above examples. Thus, Me,SnN:C(CF;), is no less
reactive than Me;SnNMe, #? towards n-C;H,Mo(CO);H.
When the hydride has a second functional group, as in
trans-(PhgP),Pt(Cl)H, the choice of alkylideneamine may
qualititatively control the course of reaction. Thus,
whereas Me;SnNiCBu?, affords #rans-(PhyP),Pt(Cl)-
SnMe; 27 in high yield, the corresponding 1,1-bis(tri-
fluoromethyl)methyleneamido-derivative yields mainly

NH
the CI/NIC(CF,), exchange product (Ph3P)2Pt/ | 28
NC(CF.
( 3)2
probably wia the tautomeric rearrangement?4 of

(PhgP),Pt(H)NIC(CF,),. Evidence for this intermediate
is provided by theisolation of {(Ph,P),Pt(SnMe,)N:C(CF;),
when an excess of alkylideneamine was used. Of the
available methods 229 for the synthesis of trams-
(PhgP),Pt(Cl)SnMe, that from Me,SnN:CBuf, appears to
be the best: the absence of side reactions is due to the
low reactivity with respect to Cl/N:CBut, exchange (see
below).

A number of metal chlorides (LM-Cl) were shown to
undergo metathesis with alkylideneamidometal com-
pounds [equation (3)], with the reactivity decreasing in
the order MegSnNIC(CF;)y > Me;SnNICPh, > Mes;-
SnN:CBu%. The last named reagent was of com-
parable, but probably somewhat lower, reactivity to
MezSnNMe,.3° This suggests that Sn—N heterolysis is
involved in the rate-determining step. Electron-with-
drawing (CF;) and -delocalising (Ar) substituents would
be expected to favour such bond-breaking and to
stabilise the corresponding alkylideneamino-anion.

Me,SnN:CR,, + LM~Cl —»
LM-N:CR, + Me;SnCl  (3)

Alkylideneaminosilanes have previously been used as
alkylideneamino-transfer agents for preparing transition

27 D. J. Cardin, S. A. Keppie, and M. F. Lappert, J. Chem.
Soc. (4), 1970, 2594.

28 J. Ashley-Smith, M. Green, and ¥. G. A. Stone, J. Chem.
Soc. (4), 1970, 3161.

20 M. Akhtar and H. C. Clark, J. Ovganometallic Chem., 1970,
22, 233.

30 T. A. George and M. F. Lappert, J. Chem. Soc. (4), 1969,
992.
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metal alkylideneamido-complexes.3! However, the tin
compounds are more reactive: e.g., (PhyP);RhN:C(CFj),
and #rans-(PhyP),Ir(CO)NIC(CF;), have been obtained
from corresponding co-ordinatively unsaturated chlorides
under very mild conditions.?

Alkylideneamino(trimethyl)stannanes are very much
less reactive with respect to insertion reactions of un-
saturated compounds [equation (4a)] than the amide
Me,SnNMe, .32 Furthermore it was found that traces of
free alkylideneamine act as catalysts. This is explained
in terms of the sequence shown in equations (4b)—(4d);
a trace of moisture would cause the formation of alkyl-
ideneamine [equation 4(b)]. The rapid insertion of
heterocumulenes such as PhNCO and MeNCS into the
NH bond of diphenylmethyleneamine [equation 4(c)] has
been demonstrated elsewhere !7 and is now confirmed.
Similar catalysis (by dimethylamine) has been found for
insertion reactions of Me;SiNMe, with carbon dioxide or
disulphide,®® but is not a requirement for the more reac-
tive tin(rv) analogue3? It is surprising that diphenyl-
methyleneamino(tri-n-butyl)stannane Bu®,SnN:CPh, is
reported ? to react instantly with 1,2-dipoles such as
PhNCO, without mention of a catalyst.

Me,SnN:CR, + X=Y D Me,Sn-X-Y-NCR,

(b) iH,O (4)
X=Y Me,SaN:CRy l
HNCR, (—)» HX-Y-NCR,

(—HNCR,) (d)

The reactivity order decreases in the series Me;SnNR,
> Me,SnNICPh, > Me;SnNIC(CF;),. Thissuggeststhat,
as for reactions (2), the nucleophilicity of the Sn—-N
compound is important and an intermediate such as (I)
may be involved. A polar transition state is supported
by the observation that the reaction is progressively in-
hibited by the use of increasing amounts of a non-polar
solvent; although an alternative explanation is that
under these conditions even very slight hydrolysis to
afford free alkylideneamine is less likely.

Me,SnN=CR,

i
X=Y @
EXPERIMENTAL

Benzene and hexane were stored over sodium—potassium
alloy and distilled from it before use. Diethyl ether and
THF were distilled from sodium—benzophenone. Bromine
was distilled from phosphorus(v) oxide. Solvents were
rigorously degassed under vacuum before use and all reac-
tions were performed under an atmosphere of dry, oxygen-
free nitrogen. M.p.s., unless otherwise stated, were deter-
mined in sealed evacuated capillaries. Analyses were
carried out by Mr. and Mrs. A. G. Olney of the Departmental
Microanalytical YLaboratory and by Alfred Bernhardt,
West Germany. I.r. spectra were recorded using a Perkin-
Elmer 457 instrument; 'H n.m.r. spectra using a Varian

31 K. Farmery, M. Kilner, and C. Midcalf, J. Chem. Soc. (4),
1970, 2279.

32 T. A. George, K. Jones, and M. F. Lappert, J. Chem. Soc.,

1965, 2157; G. Chandra, A. D. Jenkins, M. . Lappert, and
R. C. Srivastava, J. Chem. Soc. (4), 1970, 2550.

J.C.S. Dalton

A60 or HA100 instrument.
an A E.I. MS9 machine.

Bis(trifluoromethyl)methyleneamine, trimethyltin
chloride,?* diphenylmethyleneamino(trimethyl)stannane,?
cis-dichlorobis(triphenylphosphine)platinum(i1),3 trans-
hydridochlorobis(triphenylphosphine)platinum(11),3? and
N-bromo-1,1-bis(trifluoromethyl)methylencamine ¢  were
prepared according to published procedures. Other com-
monly available starting materials were dried and dis-
tilled before use, wherever possible.

Preparation of  Bis(trifluoromethyl)methyleneamino(tri-
methyl)stannane.—Bis(trifluoromethyl)methyleneamine (8-7
ml, 87 mmol) was condensed into an ethereal solution of
methyl-lithium (80 ml of 1M solution) at —196°. The
mixture was allowed to warm to 0° to give a yellow solution
which was stirred for 15 min. Trimethyltin chloride (16 g,
80 mmol) in diethyl ether (70 ml) was added dropwise to this
lithium-reagent, keeping the temperature below 3°. The
yellow solution with white solid was stirred for 1 h at 0° and
then for a further 2 h at 20°. The volume of ether was
reduced (to ca. 50 ml) and the lithium chloride was filtered
off. The pale yellow solution afforded bis(trifluoromethyl)-
wmethyleneamino (tvimethyl)stannane (22 g, 84%), b.p. 51°,
31 mmHg (Found: C, 22-1; H, 2:9; N, 4.1. CH F{NSn
requires C, 22-0; H, 2-8; N, 4-3%).

Preparation  of  Di-t-butylmethyleneamino(trimethyl)-
stannane }*—t-Butyl cyanide (3-3 ml, 30 mmol) in n-hexane
(60 ml) was added dropwise to a stirred solution of t-butyl-
lithium (30 mmol) in hexane (70 ml) at 0°. The mixture was
stirred at 0° for } h and then for a further 2 h at 20°. After
recooling the mixture to 0°, trimethyltin chloride (5-80 g,
ca. 30 mmol) in ether (50 ml) was added dropwise. The
mixture was stirred for 1 h at 20°. Solvent was removed
under reduced pressure and distillation of the residue gave
the butylmethyleneamido-compound *® (6 ml, 22 mmol,
73%), b.p. 46°, 0-01 mmHg, v(CN) 1650 cm™.

Preparation of Di-p-tolylmethyleneamino(trimethyl)stan-
nane.—This complex was routinely prepared from the
appropriate lithium-reagent and trimethyltin chloride in a
manner entirely analogous to that of the diphenyl deriv-
ative.?? Yields of 809, were usually obtained (b.p. 117—
119°, 10® mmHg). It was, however, difficult to remove
traces of the free parent alkylideamine by this procedure.

A slurry of di-p-tolylmethyleneamine (3-56 g, 17 mmol) in
hexane (25 ml) was added slowly to dimethylamino(tri-
methyl)stannane (3-78 g, 18-17 mmol) at room temperature.
The reaction was exothermic. Immediately a yellow—green
colour developed. The mixture was stirred for $ h. The
dimethylamine (authentic i.r. spectrum) was collected in a
cold (—78° trap. Solvent was removed under reduced
pressure and a yellow—green liquid, solidifying on standing,
was distilled and identified as di-p-tolylmethylencamino-
(trimethyl)stannane (6-1 g, 97%) b.p. 120—128°, 0-005
mmHg (Found: C, 58-4; H, 6-3; N, 4-0. C;H,;NSn re-
quires C, 58-1; H, 6-2; N, 3-8%).

Reactions of Alkylideneamidotin Compounds with Protic
Compounds and Metal Hydrides.—(a) Bis(trifluoromethyl)-
methyleneamino(trimethyl)stannane  with  phenylacetylene.
Phenylacetylene (0-8 g, 0-86 ml, 7-85 mmol) in hexane (5 ml)
was added dropwise to the tin complex (2:5 g, 1-75 ml],
27:: H. Breederveld, Rec. Trav. chim., 1960, 79, 1126; 1962, 81,

3¢ 1. G. A, Luijten and G. J. M. van der Kerk, ‘ Investigations
in the field of Organotin Chemistry,” Tin Research Institute,

Greenford, Middx., 1955.
35 J. C. Bailar and H. Itatani, Inorg. Chem., 1965, 4, 1618.

Mass spectra were examined on


http://dx.doi.org/10.1039/DT9730000151

1973

7-85 mmol) in hexane (5 ml). The reaction mixture was
heated under reflux (12 h). The i.r. spectrum showed that
no reaction had occurred. Most of the hexane was removed
in vacuo, THF (10 ml) was added, and the reaction mixture
heated under reflux (4 h). Distillation yielded, after re-
moval of solvent, (phenylethynyl)trimethylstannane 2 (0-69
g, 35%,), b.p. 56—58°, 0-1 mmHg (Found: C, 49-5; H, 5-3.
Calc. for C;;H,,Sn: C, 49-9; H, 5:3%,) (parent ion in mass
spectrum).

(b) Bis(trifluorvomethyl)methyleneamino(trimethyl)stannane
with  hydrido(r-cyclopentadienyl)tricarbowylmolybdenum (11).
The methyleneamidotin compound (1 ml, 4-89 mmol) in
THF (10 ml) was added dropwise to the hydride (1-203 g,
4-89 mmol) in THF (10 ml). The solution was heated under
reflux (6 h) and the solvent and unreacted metal-hydride
were removed at 40°, 10 mmHg. Sublimation (100°, 107
mmHg) vyielded =-cyclopentadienyl(trimethylstannyl)tri-
carbonylmolybdenum(1) #* (1-03 g, 51-8%) (Found: C,
26:7; H, 2:9. Calc. for C,;H,,M0oOSn: C, 26-6; H, 2-8%).

(c) Bis(trifiluoromethyl)methyleneamino(trimethyl)stannane
with cyclopentadiene. Freshly distilled cyclopentadiene
(0-37 ml, 4-6 mmol) in THF (5 ml) was added dropwise to a
solution of the methyleneamidotin compound (1-515 g,
0-80 ml, 4-6 mmol) in THF (10 ml). The reaction mixture
was heated under reflux (4 h). Distillation afforded a few
drops of the starting compound and a red involatile residue,
which was not identified.

(d) Bis(trifluorvomethyl)methyleneamino(trimethyl)stannane
with trans-hydvidochlorobis(triphenylphosphine)platinum(11).
(i) 1:1 Ratio of veactants in xylene. The tin compound (0-1
ml, 0-5 mmol) in xylene (10 ml) was added to the hydride
(0-38 g, 0-5 mmol) in xylene (20 ml). The almost colourless
solution was heated to reflux temperature, whereupon the
mixture became yellow and then red. After 5 min, heating
was discontinued and the mixture was cooled to 45°.
Solvent was removed in vacuo and benzene (5 ml) was
added to give a red solution over a buff solid. These were
separated by decantation using hexane. Recrystallisation
(from CH,Cl,-n-CcH,,) of the solid afforded the off-white
1,1-bis(trifluoromethyl)methyleneaminebis-(triphenylphos-
phine)platinum (0-3 g, 67%) (Found: C, 52-8; H, 3-6; N,
1-5. Calc. for C3H,,F,NP,Pt: C, 52-9; H, 3-5; N, 1-6%)
(authentic 428 i.r. spectrum).

(ii) Ewcess of the tin compound in benzene. The tin com-
pound (0-25 ml, 1-25 mmol) was added to the hydride (0-38
g, 0-5 mmol) partially dissolved in benzene (20 ml). The
mixture was heated under reflux (17 h), and the colour
turned through pale-yellow to golden-yellow. Solvent and
volatiles were removed % vacuo at room temperature to give
ayellow gum. This was redissolved in a minimum quantity
of benzene, and hexane was added to give a pale yellow solid
and a yellow solution. The solid was filtered off and dried
(1 h, at 10® mmHg). On the basis of analysis and com-
parison with a sample obtained by another route it was
identified as trans-bis(trifiuovomethyl)methyleneamido(ivi-
methylstannyl)bis(triphenylphosphine)platinum(ii) (ca. 109)
(Found: C, 48:7; H, 3-6; N, 1-5. C,H;,F;NP,PtSn re-
quires C, 48'1; H, 3-8; N, 1-3%), m.p. 172—175(d).
Solutions of the product were quite air and moisture sen-
sitive.

(e) Diphenyl-(or di-p-tolyl-)methyleneamino(tvimethyl)stan-
nane with phenylacetylene. Phenylacetylene (0-35 ml, 0-32
g, 3-1 mmol) in THF (5 ml) was added to the tin compound
(1-06 g, 3-:01 mmol) in THF (10 ml). The mixture was
heated under reflux (18 h). Distillation afforded phenyl
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ethynyl(trimethyl)stannane (0-4 g, 51-3%) (Found: C, 49-8
H, 5-3%,) (authentici.r. spectrum), b.p. 60—61°, 0-25 mmHg.
In an exactly similar manner, the corresponding di-p-tolyl
derivative also gave the tin acetylide (45%).

(f) Diphenylmethyleneamino(trimethyl)stannane with trans-
hydridochlovobis(triphenylphosphine)platinum(i1). The tin
compound (0-172 g, ca. 0-66 mmol) was added to the hydride
(0-378 g, 0-50 mmol) in benzene (35 ml). The mixture was
heated under reflux (4 h) to give a ruby-red solution. The
bulk of solvent was removed iz vacuo and hexane added to
give an orange-buff powder. This was filtered off, washed
with hexane, and dried i» vacuo. I.r. spectra revealed one
main v(Pt-Cl) (285 cm™) and the absence of v(Pt-H).

(g) Diphenylmethyleneamino(trimethyl)stannane with
cyclopentadiene. Cyclopentadiene (0-12 ml, an excess) in
THF (5 ml) was added dropwise to the tin compound (0-327
g, 0-95 mmol) in THF (10 ml). The reaction mixture was
stirred (12 h) at room temperature. Attempted distillation
of the products under reduced pressure gave rise to de-
composition products, including a red involatile residue.

(h) Di-t-butylmethyleneamino(tvimethyl)stannane with
trans-hydridochlorobis(tviphenylphosphine)platinum (11).

The tin compound [0-3 ml, 0-332 g, (1 mmol = 0-304 g)] was
added to the hydride (0-756 g, 1-0 mmol) in benzene (40 ml)
and the reactants were heated under reflux (4 h). The
reddish brown reaction mixture was cooled to room tempera-
ture and most of the benzene removed in vacuo. Addition
of hexane gave a yellow-buff solid, which was filtered off,
washed with hexane, and then dried (1 h at 10 mmHg).
Further solid was obtained by cooling the mother liquor to
—20°. This (0-64 g, 709,) was identified as trans-chloro(tri-
methylstannyl)bis(triphenylphosphine)platinum (ir) 2%2?
(Found: C, 51-2; H, 4-5. Calc. for C3oH,,ClP,PtSn: C,
51-0; H, 4-3%), m.p. 239—241°. Lr. (Nujol mull) showed
v(Pt—-Cl) (280 cm™), but no v (Pt-H). H n.m.r. (C4Dy)
showed a 1:4:1 triplet (J 13 Hz: methyl groups on tin
coupling with 1%Pt).

(i) Di-p-tolylmethyleneamino(trimethyl)stannane with pen-
tafluovobenzene. Addition of pentafluorobenzene (0-7 ml,
1-12 g, 6-67 mmol) in THF (20 ml) to the tin compound
(3-48 g, 6:67 mmol) gave a green-yellow solution. This was
heated under reflux (45 h). Distillation afforded the colour-
less trimethyl(pentafluorophenyl)stannane 3¢ (0-91 g, 579%,)
(Found: C, 32-5; H, 2-8. Calc. for CGH,F;Sn: C, 32-7; H,
2-7%), b.p. 82—34°, 0-08 mmHg. A white involatile
residue in the distillation flash was identified (i.r.) as
fluoro(trimethyl)stannane.

Reactions of Alkylideneamidotin Compounds with Metal
Halides and with Bromine.-—(a) Bis(tvifluoromethyl)methyl-
eneamino (trimethyl)stannane with bis(n-cyclopentadienyl)titan-
ium dichloride. The tin compound (0-41 ml, ca. 2 mmol)
was added by pipette to a stirred solution—slurry of the di-
chloride (0-498 g, 2 mmol) in benzene (35 ml). The mixture
was heated under reflux (12 h) to give a clear yellow solution.
Most of the solvent was then removed in vacuo and hexane
added to give yellow crystals of chloro-1,1-bis(trifluoro-
methyl)methyleneamidobis-(r-cyclopentadienyl)titanium-
(1v) 3 (0-67 g, 90%), which were filtered off, washed with
hexane, and dried (1 h at 10® mmHg) (Found: C, 41-1;
H, 2-7; N, 3:7. Calc. for C;;H,CIF;NTi: C, 41-3; H, 2-7;
N, 38:7%), (authentic i.r. and F n.m.r. spectra), m.p. 197—
200°.

(b) Bis(triftuoromethyl)methyleneamino(brimethyl)stannane
with  cis-dichlorobis(triphenyiphosphine)platinum(ir). The

3¢ R. D. Chambers and T. Chivers, J. Chem. Soc., 1964, 4782.


http://dx.doi.org/10.1039/DT9730000151

156

tin compound (0-61 ml, 3 mmol) was added by pipette to a
stirred solution—slurry of the platinum compound (0-790 g,
1 mmol) in benzene (50 ml). The mixture was heated under
reflux (17 h). The volume of benzene was reduced to ca.
10 ml. Addition of hexane gave a pale yellow powder.
This was filtered off, washed with hexane, and dried (1 h at
10 mmHg). It was identified as cis-chloro-1,1-bis(tri-
fluoromethyl)methyleneamidobis(triphenylphosphine)-
platinum(i) ¢ (0-83 g, 90%) (Found: C, 52:0; H, 3-2;
N, 1-6. Calc. for C;H,,ClFNP,Pt: C, 51-0; H, 3-3; N,
1:5%,), m.p. 258—261°, v(PtCl) 308 cm™, and v(C=N) at ca.
1675 cm™.

(c) Diphenylmethyleneamino(trimethyl)stannane with cis-
dichlovobis(triphenylphosphine)platinum (). The tin com-
pound (0-624 g, 1-92 mmol) was added to the dichloride
(0-61 g, 0-81 mmol) in benzene (50 ml). The mixture was
heated under reflux (5 h) and the bulk of the benzene was
then removed in vacuo. Addition of hexane to the yellow
solution yielded a yellow powder, which was filtered off,
washed with hexane, and dried (1 h at 10® mmHg). A
further small quantity of yellow solid was obtained upon
cooling the filtrate to —20°. This was identified as ckloro-
(1, 1-diphenylmethyleneamido)bis(triphenylphosphine)-
platinum(11) (0-72 g, 959,) (Found: C, 60-8; H, 4-8; N, 1-7.
CaoHyCINP,Pt requires C, 62-9; H, 4-3; N, 1-5%), m.p.
175—190° (d).

(d) Lack of reaction between Di-t-butylmethyleneamino(tvi-
methyl)stannane with  cis-dichlovobis(triphenylphosphine)-
platinum(11). The tin compound (0-62 ml, >2 mmol) was
added by pipette to a slurry of the platinum compound
(0-790 g, 1 mmol) in benzene (50 ml). The reaction mixture
was heated under reflux (18 h). The bulk of solvent was
removed (to ca. 15 ml). Addition of hexane (30 ml) gave a
white solid, which was filtered off, and washed with hexane.
Examination of the solid (analysis, i.r.) showed it to be an
almost quantitative yield of the platinum dichloride; the
tin compound was not recovered.

(e) Bis(triftuoromethyl)ymethyleneamino(trimethyl)stannane
with bromine. Bromine (0-28 ml, 5-0 mmol) was added by
syringe to a stirred solution of the stannane (2-0 ml, 10 mmol)
in hexane (10 ml) at room temperature. There was im-
mediate decolourisation. The solution was stirred at room
temperature (6 h). Distillation afforded (a) b.p. 37—42°,
760 mmHg, and (b) b.p. 69—70°, 760 mmHg. Fraction (a)
turned brown upon exposure to fluorescent lighting, but
fraction (b) remained colourless. I.r. examination of (a) (in
hexane after photolysis) showed v(C=N) at 1633 c¢cm™, and
absorptions due to CF,, at 1320ms, 1303ms, 1228m,sh,
1248s, 1232s, and 1192s cm™. Fraction (b) was essentially
pure hexane. Trimethyltin bromide was identified (i.r.) in
the distillation residue. Before photolytic decomposition,
fraction (a) probably contained N-bromo-1,1-bis(trifluoro-
methyl)methyleneamine.?* In a separate experiment N-
bromo-1,1-bis(trifluoromethylymethyleneamine was distilled
unchanged from bis(trifiluoromethyl)methyleneamino(tri-
methyl)stannane. The tin compound was also recovered.

J.C.S. Dalton

Reactions of Alkylideneamidotin Compounds and Related
Compounds with Unsaturated Compounds.—(a) Diphenyl-
wmethyleneamino(trimethyl)stannane with phenyl isocyanate.
Phenyl isocyanate (0-5 ml, 4-5 mmol) in hexane (15 ml) was
added dropwise (20 min) to a stirred solution of the tin
compound (1-552 g, 4-5 mmol) in hexane (15ml). A slightly
exothermic reaction ensued, with precipitation of white
solid. The reactants were stirred at room temperature for a
further £ h. The white solid was filtered off and washed
with hexane (40 ml) and then dried (1 h at 10® mmHg,) to
give the 1: 1 adduct (1-93 g, 95%,) (Found: C, 59-4; H, 54;
N, 6-2. C,H,,N,0OSn requires C, 59-6; H, 5-2; N, 6-1%),
m.p. 93—95° Similar products were obtained from
parallel reactions with the di-p-tolyl- and di-t-butyl-
derivatives; consistent analyses were not obtained in these
particular small scale reactions, because of difficulty in
removing hydrolysis and other impurities.

(b) Bis(trifiuovomethylymethyleneamino(trimethyl)stannane
with phenyl isocyanate. Phenyl isocyanate (0-51 g, 0-46 ml,
4-2 mmol) in hexane (10 ml) was added to the tin compound
(1-38 g, 4-2 mmol) in hexane (15 ml) at 20°. The solution
was heated under reflux (5 h). Filtration afforded the 1:1
adduct (1-62 g, 85%) (Found: C, 35-8; H, 3-2; N, 6-3.

Calc. for C;,H,,F¢N,0OSn: C, 34:9; H, 3-2; N, 6:3%). The
mass spectrum showed the parent molecular ion.
(c) Diphenylmethyleneamino(trimethyl)stannane with

acrylonitrile. Acrylonitrile (dried by distillation from CaH,)
(0-17 ml, 0-14 g, 2:56 mmol) was added dropwise by syringe
to the tin compound (0-88 g, 2:56 mmol) in hexane (10 ml).
The solution was heated under reflux (2 h). Solvent was
removed at 20°, 1077 mmHg to leave a yellow-white solid.
Unreacted starting material was removed by washing with
hexane to afford the white amorphous 1:1 adduct (0-99 g,
>95%) (Found: C, 57-1; H, 59; N, 7-0. C,,H,,N,Sn
requires: C, 57-5; H, 5:6; N, 7-1%,). The mass spectrum
showed the parent molecular ion.

(d) Lack of reaction between diphenylmethyleneamino(tvi-
methyl)stannane and benzonitrile. Benzonitrile (0-11 ml,
0-106 g, 1-03 mmol) in hexane (10 ml) was added dropwise
to a stirred solution of the tin compound (0-353 g, 1-03 mmol)
in hexane (10 ml). There was no change (i.r.} after stirring
at room temperature for 24 h, or after heating under reflux
for a further 2 days.

(e) Alkylideneamidotin compounds with other unsaturated
compounds. Preliminary experiments indicate adduct
formation between these compounds and CS,, CO,, MeNCS,
and PhNCS. The reactions with carbon disulphide are
complex and various blue and yellow products were ob-
tained.
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